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(57) ABSTRACT

Provided are methods and devices for measuring pressure
exerted against a surface. In an aspect, the surface corre-
sponds to the urethra and the device measures the pressure
exerted against the urethra. Methods include treatment of a
patient suffering urinary stress incontinence. A pressure sen-
sor system is used to determine, pre-surgically, the minimum
pressure required to alleviate incontinence. During surgery,
the pressure sensor system is employed to ensure the surgical
intervention provides a corresponding minimum pressure
that was clinically identified. In this manner, the surgical
intervention is precisely monitored and measured to insure
the appropriate pressure is exerted on the urethra to alleviate
stress incontinence, thereby improving surgical outcome and
decreasing post-operative complications.
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1
DEVICE AND METHOD FOR MEASURING
PRESSURE EXERTED ON A SURFACE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a national stage application under 35
U.S.C. §371 of PCT/US2011/036083, filed May 11, 2011,
which claims the benefit of U.S. provisional application
61/333,824 filed May 12, 2010, each of which is incorporated
by reference in its entirety to the extent not inconsistent with
the disclosure herein.

BACKGROUND OF THE INVENTION

Provided herein are various devices and methods that mea-
sure the pressure or force exerted against a surface. One
application of the devices and methods provided herein are
for surgical procedures that address urinary incontinence,
including female stress incontinence.

Urinary incontinence occurs in both men and women and is
typically associated with unwanted urinary leakage that
occurs with abdominal pressure increases such as from sneez-
ing, coughing, hiccupping, exercise, laughing and other such
stimuli. Interventions to address urinary incontinence include
surgical procedures. Many procedures involve a surgical
injection and placement of'a material to mechanically support
the bladder neck or the urethra.

Some studies suggest it is beneficial to use pressure-sens-
ing catheters to simultaneously measure a patient’s vesicle
and urethral pressure (see, e.g., U.S. Pat. No. 6,743,165).
Common procedures for surgically alleviating stress inconti-
nence relate to supporting the urethra by employing materials
to physically support the urethra, such as sutures, straps,
slings or other artificial structures that loop around the ure-
thra. Those materials may be attached to adjacent tissue,
bone, ligament or other support material. For example, a sling
may be looped around the urethra and connected to the pubis
and around the obturator foramen. The problem with those
interventions, however, is that the actual pressure exerted on
the urethra is unknown.

SUMMARY OF THE INVENTION

Provided herein are various devices and methods for mea-
suring the pressure exerted on a surface. In an aspect, the
surface corresponds to biological tissue or organ such as the
surface of a vessel or organ. In an embodiment the surface is
the surface of the urethra. The methods and devices are fur-
ther useful for treating urinary stress incontinence. The
devices and methods provided herein are useful for detecting
in real-time an “active” pressure or force exerted against a
biological tissue, such as that provided by a finger or hand of
a medical caregiver, or a medical device that is being
implanted or used with a patient. Alternatively, the methods
and devices provided herein are used to detect in real-time a
“passive” pressure or force exerted between a patient and a
surface, such as between one or more locations on the
patient’s skin or body and a surface such as a support surface,
including a bed or operating table.

With respect to an application for treating urinary stress
incontinence, conventional methods for assessing and treat-
ing stress incontinence are rudimentary and suffer serious
drawbacks. Current methodologies for treating incontinence
generally involve a crude compression of the urethra in clinic
to determine if stress incontinence can be cured. Those meth-
ods, however, do not use a device to accurately determine the
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magnitude of pressure required to attain continence. If the
crude clinical test is positive, the patient undergoes an opera-
tion where an artificial structure is introduced to exert a sup-
porting pressure on the urethra. Once again, however, there is
no measure of the actual pressure exerted on the urethra. This
means that the surgeon has no reliable method for ensuring
the pressure exerted on the urethra by the structure corre-
sponds to the pressure exerted pre-surgically that alleviated
incontinence. Serious complications can arise when the sur-
gically-imparted force on the urethra is not appropriate to the
minimum pressure required to alleviate incontinence. If the
pressure is too low, recurrent stress incontinence may occur,
requiring additional invasive intervention. If the pressure is
too high, the sling may prematurely erode and there may be an
increased risk of infection, which may require, again, addi-
tional surgical intervention. The methods provided herein
solve this problem by providing a mechanism for ensuring an
appropriate pressure is exerted on the urethra to treat stress
incontinence and provide improved clinical outcome.

The devices provided herein (see also U.S. Pat. App. No.
61/177,583 and U.S. Pat. Pub. No. 20100292615, hereby
specifically incorporated by reference for the devices and
methods disclosed therein), provide the ability to accurately
monitor and measure a force (or a corresponding pressure)
exerted on any surface, including, for example, the urethra. In
an aspect, the required force and pressure required in the
clinic to alleviate incontinence are determined with the
device, and the device is then used during surgery to ensure
the pressure of the introduced supporting device on the ure-
thra during surgery is correspondingly matched to the mea-
sured pressure in the clinic setting. The in vivo application of
a matched pressure improves surgical outcome by avoiding
recurrent incontinence or material degradation from unduly
high applied tension. The device in the clinic may have a
different structure than the one used surgically. For example,
the different structure may relate to how and what surface the
pressure sensor is connected. In the clinic, it may be applied
to a glove outer surface, a finger within the glove, or a glove
inner surface, positioned between the finger exerting the force
and the corresponding patient surface. The device in surgery,
in contrast, is positioned between the patient tissue surface
and the medical device (e.g., not the finger) that is to exert the
force on the tissue.

In an embodiment, the method is for measuring the pres-
sure generated on the urethra by an external force. The exter-
nal force may be generated directly by a medical provider
and/or by a material surgically inserted by a medical provider,
such as a sling or mesh sling.

In another embodiment, the method is for treatment of
urinary stress incontinence of a patient. In an aspect, the
patient is a female. In an aspect, the patient is a male. A
pressure sensor system is introduced adjacent to the urethra of
the patient in a clinical setting. The sensor may be affixed at an
appropriate position, such as by medical tape. An application
pressure is applied against the urethra, such as an application
pressure that is sufficient to temporarily alleviate a urinary
stress incontinence symptom. In this aspect the pressure sen-
sor is positioned between the application pressure and the
urethra, so that the actual application pressure is quantified
via the output from a pressure sensor of the pressure sensor
system. Accordingly, an alleviation output from the pressure
sensor is identified as corresponding to a minimum pressure
sufficient to alleviate the urinary stress incontinence symp-
tom. The alleviation output value is noted and used during the
subsequent surgical procedure.

Alternatively, the pressure sensor system is affixed to the
surface of a glove worn by the person exerting the application
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pressure. The affixation may be either internal or external
relative to the glove surface. The sensor is positioned between
the force-applying surface (e.g., a finger-tip) and the surface
upon which the force is applied (e.g., a biological surface
such as the urethra). The sensor is operably connected to a
display that provides a read-out from the pressure sensor,
such as a numeric read-out of an average pressure or force
detected by the sensor, or a voltage output that is related
thereto. In this manner, precise and real-time pressure exerted
by a person against a surface is known. The sensor may be
hard-wired to the display. Alternatively, the sensor may be
connected to the display through wireless means, such as
radio frequency. In an aspect where a single pressure sensor is
used, the display is of one pressure sensor. In an aspect where
the user exerts a force on a surface using multiple contact
points, such as multiple fingers, the display can simulta-
neously display the numerical output from each of the pres-
sure sensors. Alternatively, the display may be a graphical
representation of the applied force, such as by a color map
with different colors representing different applied force or
pressure.

The pressure sensor is capable of connecting to other sur-
faces, besides a glove. For example, one or more pressure
sensors may be connected to a sterile cover or blanket used to
determine pressure in a wide range of medical applications.
For example, anesthetized, or otherwise unconscious or
uncommunicative patients cannot warn medical personnel
about uncomfortable pressure points that may have a delete-
rious effect on the body. Accordingly, the devices and meth-
ods provided herein are compatible for use in other applica-
tions, including “passive” applications where the patient is
the person responsible for the force that is being monitored in
real-time. Above a certain threshold level, the device may
alarm to indicate to medical personal that corrective action
should be taken. This can be of particular use in a rehabilita-
tion setting, where the patient may be confined to bed for
relatively long periods of time, and such a pressure sensor
system and method used to minimize risk of bed sores. In
another aspect, the sensor may be an implantable surface
affixed to a surface of a medical device that is implanted into
a patient. In this aspect, the sensor may remain in the patient
along with the implanted device.

A support material, such as a surgical sling (or “mesh
sling”) is inserted in the patient to support the urethra. The
pressure sensor of the pressure sensor system is positioned to
determine the pressure exerted by the sling on the urethra. For
example, the pressure sensor may be positioned between the
sling and the urethra, so that any pressure exerted by the sling
on the urethra is accurately detected by the sensor. A pressure
is exerted on the urethra by generating a force on the surgical
sling (e.g., adjusting the tension on either end of the sling
adjacent to the contact points between the sling and urethra),
wherein the exerted pressure is detected by the pressure sen-
sor. The optimal generated force on the surgical sling is
selected by comparing the exerted pressure to an alleviation
output that was clinically determined. In an aspect, the opti-
mal generated force substantially corresponds to the allevia-
tion output of the identifying step, thereby treating urinary
stress incontinence of the patient. The term “substantially
corresponds” is used with the understanding that the optimal
generated force need not be exactly identical to the alleviation
output in order to achieve significant benefit. Instead, there is
a certain degree of tolerance. In an aspect, substantially cor-
responds refers to an applied pressure that is within about
20% of the alleviation output.

In an aspect where the pressure sensor is positioned
between the support sling and the urethra on which the sling
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4

exerts pressure that is detected by the pressure sensor, any of
the methods provided herein further comprise the step of
removing the sensor from between the sling and the urethra
once the appropriate pressure has been applied to the urethra
by the sling, including by a sliding removal action. In an
embodiment, the fastening means is removed to facilitate
removal by sliding, such as be removing the adhesive tape or
fasteners that secure the pressure sensor to the sling. Alterna-
tively, the pressure sensor is affixed to the sling, and the
fastening means connects the pressure sensor to the sling. The
fastening means can then be removed and risk of unwanted
irritation or damage to the biologic surface minimized. In an
aspect, the pressure/force sensor portion is thin, such as less
than or equal to 1 mm, less than or equal than 0.5 mm, or
selected from a range that is between about 0.15 mm and 0.35
mm.

In another embodiment, the invention is a method of
assessing real-time pressure exerted against a biological sur-
face for a desired application force. This is particularly useful
for medical caregivers applying forces to a patient, either
directly by the caregiver or through a medical device, such as
an implantable medical device. A pressure system is intro-
duced adjacent to the biological surface and an application
force applied onto the biological surface. A pressure sensor
output is identified in real-time from the pressure sensor for
the applied application force. In this manner, the pressure (or
force) exerted against the biological surface is identified in
real-time.

In an aspect, the application force is generated by a finger
orhand ofa person, such as a medical caregiver. Alternatively,
the application force is instead generated by the biological
surface, such as by a patient supported by supporting surface.
In another embodiment, the force is generated by a medical
device, such as an orthopedic device or a support sling to treat
urinary stress incontinence system.

In an embodiment, the surface is the surface of the urethra
of'apatient, or another tissue such as bone or skin. In an aspect
the biological surface is in a living human.

In an aspect, wherein the application force is sufficient to
temporarily alleviate a urinary stress incontinence symptom.
For example, in a non-surgical setting, the external force or
pressure applied to the urethra sufficient to alleviate urinary
stress incontinence is identified in real-time. The method
optionally further includes in a surgical setting inserting a
surgical sling to support the urethra and positioning the pres-
sure sensor system to determine a pressure exerted by the
surgical sling on the urethra. A pressure is exerted on the
urethra by generating a force on the surgical sling, wherein
the exerted pressure is detected (in real-time) by the pressure
sensor. This real-time exerted pressure on the urethra is
adjusted (e.g., by adjusting the sling tension) so that the
urethral pressure sensor output substantially corresponds to
the application force sufficient to temporarily alleviate a uri-
nary stress incontinence symptom determined in the non-
surgical setting. In an aspect, substantially corresponds refers
to an urethral pressure sensor output that deviates by less than
or equal to 20% of the application force pressure sensor
output that alleviates at least temporarily an urinary stress
incontinence symptom.

In another embodiment, the invention is a device, such as a
device for implementing any one or more of the methods
disclosed herein. In an aspect the device is for measuring
urethral pressure, such as urethral pressure pre- or post-op-
eratively or during surgery for patients suffering urinary
incontinence. A pressure sensor is adapted for operable con-
nection to a patient’s urethra.
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In another embodiment, the device comprises a pressure
sensor portion operably connected to a microcontroller and a
display for real-time display of a pressure output by the pres-
sure sensor and microcontroller. In an aspect, the display is a
numerical display that a surgeon or medical caregiver can
easily see and understand, and take action as appropriate. This
is particularly suitable to applications where the medical car-
egiver is the person responsible for generating the force or
pressure being measured. In an aspect, the pressure sensor is
affixed to a glove, such as a glove finger surface that corre-
sponds to the finger-tip of the medical caregiver used to exert
a force against a surface. In another embodiment, the device
comprises a pressure sensor portion affixed to a sterile cover.
Any of the devices provided herein are optionally connected
to a display to provide a real-time read out from the pressure
sensor, such as a numerical read out of an average applied
force or pressure, that is conveniently displayed to the medi-
cal caregiver. This provides the capacity for real-time force or
pressure adjustment, with the force or pressure reliably
detected and displayed.

The sensors are operably connected to a microcontroller
that provides necessary processes to provide a usable output
from the pressure sensor. For example, the output from the
microcontroller may be fed to a display to provide real-time
output of the pressure, including by a wireless connection. In
another example, the microcontroller can store a time course
of the pressure from the pressure sensor, including a time
course of a pressure map from a plurality of pressure sensors
so0 as to provide longitudinal variations in the applied pres-
sure. In an embodiment, the microcontroller is self-contained
and functionally portable. The device, and related methods,
can use any number of sensors as desired. There is, however,
a generally practical upper-limit to the number of sensors
required to accurately measure the map because there are
certain relevant positions along the urethra. These positions
are over, for example, constricted portions of the urethra that
is functionally attributed to urinary incontinence. Accord-
ingly, as the number of sensors increase, redundant and
unnecessary measurements will be obtained. Accordingly, in
an aspect, the plurality number is less than or equal to 16, less
than or equal to 8, or is 6 or 4 sensors. In an aspect, a single
pressure sensor is used. In an embodiment, the microcontrol-
ler is connected to the sensor or to each of the plurality of
pressure sensors by a signal-conducting wire. In an aspect,
the communication between any portions of the device is
wireless. For example, the pressure sensor output may be
wirelessly communicated to the microcontroller and/or wire-
lessly communicated to the display.

Although specific exemplifications herein relate to a uri-
nary incontinence setting, the devices and methods provided
herein are useful in a variety of applications where it is desired
to measure the pressure exerted on, or exerted by, a material.
In an aspect, the pressure sensor portion may be affixed to the
object that applies a force onto the material. In one embodi-
ment, the sensor may be place on an individual’s fingertip, or
a glove’s finger surface. In this manner, concerns related to
proper pressure sensor affixation to a material surface (and
corresponding removal of the affixation means) is avoided.

In an aspect, any of the methods provided herein are
directed to a method to obtain data, such as the pressure
exerted against a surface, including a surface that is biological
in nature. In this aspect, the technique of applying the pres-
sure sensor against a biological surface such as for the urethra
surface may be considered a minor intervention, involving a
safe, routine technique of application of a surface pressure
over a patient region corresponding to the urethra, with a
pressure sensor to measure the applied pressure. Accordingly,
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for any of the methods provided herein that recite a surgical
treatment step, the surgical treatment step is optionally dis-
claimed, including in jurisdictions that consider such surgical
treatment steps to be prohibited patentable subject matter.

Without wishing to be bound by any particular theory, there
can be discussion herein of beliefs or understandings of
underlying principles or mechanisms relating to embodi-
ments of the invention. It is recognized that regardless of the
ultimate correctness of any explanation or hypothesis, an
embodiment of the invention can nonetheless be operative
and useful.

DESCRIPTION OF THE DRAWINGS

FIG. 11is a graphical representation of the urethral pressure
profile (UPP) along a path from the bladder and along the
urethra.

FIG. 2 is a schematic illustration of a urethra showing: A. a
normal urethra; B. an incompetent urethra; and C. a surgical
intervention to correct the incompetent urethra by a sling that
supports and/or partially compresses the urethral lumen.

FIG. 3A is a schematic illustration of positioning of a sling
to support the urethral lumen, thereby alleviating stress
incontinence. 3B illustrates the use of a pressure sensor to
provide real-time display of the pressure exerted against the
urethra by the sling support.

FIG. 4 is a schematic illustration of a device for measuring
pressure exerted against a surface.

FIG. 5 is an electrical circuit for one embodiment of a
device for measuring pressure exerted against a surface,
including a urethral pressure monitor.

FIG. 6 is a line drawing schematic illustration of one
embodiment of a pressure measuring device.

FIG. 7 is a circuit diagram schematic of a pressure mea-
suring device suitable for connection to a glove.

FIG. 8 is a flow-diagram of a methodology for using a
pressure sensing device to alleviate stress incontinence.

FIG. 9 is a sensor calibration curve of the sensor output
(mV) as a function of different applied pressures (kPa).

FIG. 10 is a representative electrical circuit for measuring
pressure exerted against a surface by a pressure sensor,
including a FlexiForce® sensor.

FIG. 11 is a schematic of a pressure sensor device con-
nected to a surgical or sterile glove used in medical applica-
tions.

DETAILED DESCRIPTION OF THE INVENTION

“Output” refers to a signal that is generated by a sensor
operably connected to a surface, such as the urethra or the
region surrounding the urethra. Generally, the signal is an
output voltage from a pressure or force sensor, whose voltage
magnitude is dependent on the force applied to the sensor.
“Connected” refers to a sensor that is reliably positioned in a
specific location relative to the surface, such as the urethra, so
that a pressure exerted on the surface, including the urethra
(either externally (e.g., extra-luminal) applied or internally
(intra-luminal) applied) is detected and reliably measured by
the sensor. The sensors are secured to specific regions of
interest of the surface or the urethra, including directly above
the urethra. Any means of connecting the sensor to the user
may be used, including by underlying adhesives and/or over-
lying tape, dressing or bandage that facilitates temporary
affixation. In an embodiment, a Tegaderm™ dressing may be
used to reliably position and affix the sensor. Medical tape
may also be used. So long as the affixation provides reliable
positioning in that the sensors do not migrate during use and
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are not excessively padded (thereby causing an under-record-
ing by the pressure sensor), any kind of affixation material
may be used. The sensors may be applied in a clinical setting,
such as over the skin, or during surgery (e.g., adjacent to the
urethra and underneath the skin).

“Stress incontinence symptom” refers to a measurable or
observable physiological parameter associated with urinary
stress incontinence. One example of a stress incontinence
symptom is involuntary urinary leakage.

“Clinical setting” refers to pre-operative conditions,
wherein there has not been any surgical intervention or any
procedure that is invasive to the body.

“Pressure map” refers to the use of two or more sensors to
provide a simultaneous measure of pressure over a surface,
such as in the urethral region or along the urethra at distinct
locations simultaneously. A pressure map is useful in provid-
ing a more refined and detailed real-time measure of pressure
distribution over a surface, such as along the urethra, thereby
providing improved surgical outcome for urinary stress
incontinence intervention. In an aspect, the display displays a
numerical value such as a pressure or other output from which
pressure is calculated or related. Similarly, the display may
display a map of pressure values over the surface for embodi-
ments where more than one pressure sensor is used.

“Operably connected” refers to a configuration of elements
such as between device components or between a tissue and a
device component, wherein an action or reaction of one ele-
ment affects another element, but in a manner that preserves
each element’s functionality. Operably connected device
components may be in contact, such as in electrical contact by
a signal-conducting wire between a sensor and a microcon-
troller containing a microprocessor. Alternatively, operably
connected components may be connected by one or more
intervening components. In another alternative, operably
connected components may not be physically connected, but
may be wirelessly connected such that a signal is output from
one component and wirelessly received by a second compo-
nent. In an embodiment, a force or pressure may be applied to
a surface, such as a force or pressure on a tissue such as the
urethra, and a pressure sensor is said to be operably connected
to the tissue such as the urethra when the pressure sensor
provides a reliable and repeatable output that is dependent on
the applied force. Accordingly, in an aspect, a pressure sensor
that is “adjacent” to the urethra is said to be “operably con-
nected” or “in operable connection” with the urethra. In this
aspect, adjacent may refer to a configuration where there is
direct physical contact or a configuration where intervening
tissue separates the pressure sensor from the urethra.

The invention may be further understood by the following
non-limiting examples. All references cited herein are hereby
incorporated by reference to the extent not inconsistent with
the disclosure herewith. Although the description herein con-
tains many specificities, these should not be construed as
limiting the scope of the invention but as merely providing
illustrations of some of the presently preferred embodiments
of'the invention. For example, thus the scope of the invention
should be determined by the appended claims and their
equivalents, rather than by the examples given.

FIG. 1 summarizes the pressure distribution along a path
from the bladder through the urethra in a female (left panel)
and a male (right panel). Each incontinent patient, however,
has a specific pressure point positioned under the mid urethra,
wherein for an applied pressure magnitude at that position,
continence mechanisms are restored. Accordingly, in an
aspect, the pressure is applied at a position that generally
corresponds to the maximum urethral pressure of the UPP
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profile. In an aspect, the position corresponds to the portion of
the urethra labeled “functional length” in FIG. 1.

FIG. 2 illustrates the structural differences between a nor-
mal urethra (A) and an incompetent urethra (B). An incom-
petent urethra generally has a misshapen lumen resulting in
stress incontinence. One procedure for curing, or at least
alleviating, the symptoms related to stress incontinence is by
introduction of a material to support and partially compress
the urethral lumen. As shown in FIG. 2C, the material may
correspond to a sling, including a transobturator (TOT) sling
or mesh sling. FIG. 3A shows how the sling 30 may be
connected in vivo to provide support to the urethra 40. One
drawback of this procedure, however, relates to determining
whether an appropriate force or pressure is exerted on the
urethra. If the applied pressure is too low recurrent stress
incontinence may occur. If the pressure is too high, infection
and erosion of the applied material becomes problematic.
Accordingly, provided herein are devices and methods that
reliably and accurately determine a minimum pressure
required to alleviate incontinence and ensure that minimum
pressure is surgically achieved.

Example 1
Device and Method Characterization

FIG. 3B illustrates placement of pressure sensor 100
between the sling 30 and urethra 40, along with the micro-
controller 200 and display 400. Appropriate pressure or force
generation on the urethra by the surgical intervention pro-
vides improved surgical outcome and reduces post-surgical
complications. In this manner, real-time readout 400 of the
pressure or force used to support the urethra is provided,
thereby providing precise adjustment of sling 30 to obtain the
desired supporting pressure or force on the urethra. In an
aspect, the desired pressure is obtained presurgically (allevia-
tion output), and is matched during surgery by varying the
tension of the sling 30 to generate a pressure readout 400 that
corresponds to the desired pressure (alleviation output).

The pressure sensor system 10 provided herein may have
one or more pressure sensors and a drive circuit to accommo-
date the one or more sensors. In an aspect, the device com-
prises one pressure sensor. In an aspect, the device may
accommodate up to eight sensors, such as a device having a
pressure sensor number selected from a range that is greater
than or equal to 1 and less than or equal to 8. A microcontrol-
ler receives analog inputs from the sensors and converts them
to digital signals. The digital signals may be immediately
displayed. In an aspect where the device is used in a surgical
procedure, a surgeon may, in real-time, determine the appro-
priate positioning and force on the urethra to ensure optimal
pressure generation on the urethra to alleviate incontinence.
Optionally, the digital signals are stored and the data retrieved
from the microcontroller, such as by a File Transfer Protocol
(FTP) server, as desired.

Referring to FIG. 4, provided herein is a device 10 formed
from a plurality of pressure sensors 100 and a microcontroller
200. The microcontroller is optionally self-contained and
sufficiently small to be portable and placed, for example,
wherever desired. The pressure sensors 100 are operably con-
nected to the microcontroller. FIG. 4 illustrates an embodi-
ment where the connection is via signal-conducting wires
300, such as a wire that transmits a voltage output from the
pressure sensor 100 to the microcontroller 200. Another
example of an operable connection is via a wireless connec-
tion between sensor 100 and microcontroller 200. The pres-
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sure sensors may be displayed in real-time by a computer/
display 400 positioned in the surgeon’s field of view during a
medical procedure.

The microcontroller 200 contains a chip with memory
storage capability for storing a time-course output from pres-
sure sensors 100. Alternatively, the microcontroller may
transmit the output to a remote location where the data is
stored, observed, and/or analyzed. The observation may be in
real-time, such as by wireless communication to a display
component (e.g., a monitor), thereby providing instant read-
out of the pressure exerted against a surface. In an aspect, the
device may provide both storage and real-time display to
facilitate instantaneous evaluation of pressure and later analy-
sis. In an embodiment, the microcontroller chip is an
RCM4000 RabbitCore® microprocessor (see, e.g.,
www.rabbit.com/products/rcm/4000/) that receives analog
input from the sensors and converts them into digital signals
to be stored in its memory.

FIG. 5 is an electrical circuit diagram of one embodiment
of'the device. The sensors 100 are electrically connected to a
microprocessor 210 confined in microcontroller 200 portion
such as via individual operational amplifiers 110. A close-up
view of the operational amplifier-pressure sensor portion is
provided in FIG. 10. Referring to FIG. 10, desirably the
supply voltages (e.g., V) are constant; the reference resis-
tance (Rp) is 1 kQ2=R =100 kQ; the pressure sensor resis-
tance R at no load is greater than SMQ; and the maximum
current is about 2.5 mA. Other optional components are
included in the microcontroller as desired, including switches
and LED to indicate sensor and/or recording status. In this
example the operational amplifiers are National Semiconduc-
tor LM324 low power quad operational amplifiers. The
device may be powered by a power source 401 (see FIG. 5),
such as a battery for portable use or connected to a stationary
source (e.g., wall outlet or power grid) for use in controlled
environment (e.g., in a clinical or surgical setting with a
stationary patient). To enhance portability, the eight indi-
vidual op-amps can be replaced with two low power quad
op-amps. This has an advantage of decreasing the power
requirements, dimensions, and the weight of the device. In an
embodiment, the pressure sensor output is displayed in real-
time. Accordingly, in an embodiment the microcontroller
need not store the sensor output. In an embodiment, the sensor
output may be directly fed for display. In an embodiment
where one pressure sensor is used, only one op-amp 110 is
required.

FIG. 6 is a line drawing schematic illustration of a device.
The RCM4000 microprocessor 210 is embedded in a moth-
erboard and a plurality of sensors 100, are operably connected
thereto, such as via electrical connections to the motherboard
to which the microprocessor is connected. Any sensor known
in the art may be used so long as the sensor is capable of
reliably providing a time course of force or pressure exerted
against a surface. For example, the sensor may be a trans-
ducer, including a pressure or a force transducer. As used
herein, force transducer and pressure transducer are used
interchangeably as the measure of one parameter may be used
to calculate the other parameter by the formula P=F/A, where
P ispressure, F is force, and A is the area over which the force
is applied. Examples include sensors having a resistive or
capacitive element that changes under an applied force or
pressure, so that a change in an electrical parameter corre-
sponds to a change in applied force or pressure. One example
of a suitable sensor is a Flexiforce® force sensor from Tek-
scan (South Boston, Mass.) (see, e.g., U.S. Pat. No. 6,272,
936). Any sensor, however, that is thin so as to provide non-
intrusive measurement and capable of reliable positioning to
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a confined region as desired depending on the application
(e.g., urethra for urinary stress incontinence; perineum region
for seat design and testing) may be used. In an aspect, the
sensor measures the force over an area that is circular having
a diameter that is less than or equalto 1 cm, 0.8 cm, 0.6 cm or
about 0.95 cm (0.375"). In an aspect, the maximum dimen-
sion of the sensor is selected from a range that is greater than
or equal to 5 mm and less than or equal to 10 mm.

FIG. 7 is another example of a circuit diagram that is
particularly suited for sensing and displaying force applica-
tion in the about five pound range. In this embodiment, output
from sensor 100 is connected to two op-amps (a non-inverting
and inverting) in series fed to a microcontroller and display
for real-time display. Depending on the sensor specifications
and desired pressure or force application detecting range,
resistors R1, R2 and R3 are selected. The output from the
op-amps is fed into an analog-to-digital converter (ADC) and
to a system component, such as a PC-104 system component
for display of the pressure or force detected by sensor 100, or
an electric parameter related thereto.

The sensor may be incorporated into a force-to-voltage
circuit as shown in FIGS. 5-7 and 10. The device shown in
FIG. 6 has a final dimension of 9x9x4.5 cm with a total mass
01200 grams and, with the components exemplified therein,
pressures from six distinct locations can be displayed or
stored for up to four hours. The portability of the device
allows placement of the microcontroller portion anywhere
desired, thereby avoiding interference with any desired clini-
cal or surgical procedure.

FIG. 8 summarizes various aspects related to use of the
device to quantify pressure or force exerted against the ure-
thra during incontinence treatment. As a preliminary step,
various device parameters may be selected so as to maximize
the sensitivity of the device to typically encountered forces,
such as by selection of sensor sensitivity range. Different
applications may have different relevant forces. For example,
pressure sensors and/or drive voltages are selected to provide
desired force-range sensitivity. In an aspect where the appli-
cation is urinary incontinence treatment, typical forces may
be about up to 5 pounds. A pressure sensor having a suitable
sensitivity range is then selected, such as a maximum sensi-
tivity that is about two times the typically encountered maxi-
mum force. With an appropriate driving and control circuit,
pressure sensors may be tailored to provide sensitivity over a
desired range by appropriate selection of an input parameter,
such as the driving voltage (V ;) and/or reference resistance
R (see FIG.9). Inthis manner, good sensitivity over a desired
pressure or force range is achieved. For example, a sensor
having a force sensitivity over a range of 0 to 1 pound is used
to measure an applied force that is about 5 pounds by chang-
ing the drive voltage of the circuit that powers the sensor to
increase the 0 to 1 pound sensor range to a 0 to 10 pound
range. Inthis manner, the pressure sensor device is “matched”
to the force applied during pressure sensor use. This step is
summarized in FIG. 8 by the “select sensor and/or drive
voltage” step, and can be informed by the “application pres-
sure step” and/or the measured pressure during the surgical
procedure as indicated by the dashed feedback arrows to
match and maximize device sensitivity to a particular appli-
cation or device use. In an aspect, the sensor sensitivity is
selected for a range that is up to about 10 pounds of applied
force, or up to about 5 pounds of applied force.

As a preliminary step, the sensor is calibrated so that an
output from the sensor corresponds to a force or pressure, as
desired. There are many types of calibration procedures for
generating a calibration curve so that a pressure may be
calculated for a given sensor output, such as voltage. For
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example, a sensor may be connected (e.g., taped) to the center
of a syringe plunger orifice. A force is applied by placing a
known weight directly to the top of the syringe stopper.
Because both the orifice cross-sectional area and the applied
force (from the weight) are known variables, the pressure
exerted on the sensor is known. The voltage output from the
sensor is obtained, such as a mean of several separate mea-
surements, for a given applied pressure. The pressure is varied
by applying different weights so that a pressure versus output
voltage calibration curve is obtained. FIG. 9 is an example of
a pressure calibration curve for a device that uses a 0 to 1
pound Flexiforce® (Tekscan, South Boston, Mass.) sensor.
The curve is generated from multiple trials where a known
weight is applied to the sensor, over a range between about 0
kPa and 300 kPa. In this manner, pressure is determined as a
function of output voltage from the circuit. In an aspect the
calibration curve is linear. In an aspect the calibration curve is
non-linear. In an aspect the calibration curve has linear por-
tions and non-linear portions.

To assist in the treatment of incontinence, the pressure
required to alleviate incontinence is determine before surgery
(e.g., “clinically”). In this aspect, the minimal pressure on the
urethra required to stop urine leak before surgery is deter-
mined by applying various forces to the urethra with the
pressure sensor positioned between the applied force and the
underlying urethra. In this manner, the required pressure (or
“application pressure”) is empirically determined for an indi-
vidual patient. This minimum pressure is referred to as the
“application pressure” with a corresponding “alleviation out-
put” from the device for that measures that application pres-
sure. With the application pressure known, the surgical pro-
cedure may commence. In an aspect the surgical procedure
relates to use of a TOT (transobturator) sling to exert suffi-
cient pressure on the urethra to alleviate incontinence (with
the effect diagrammatically illustrated in FIG. 2 (compare 2B
with 2C). Appropriate force from the sling on the urethra is
ensured by positioning the sensor relative to the sling and
urethra so that the pressure exerted by the sling is measured by
the pressure sensor. In an aspect, the sensor is positioned to
correspond to the contact point between the sling and the
urethral vessel (FIG. 3B). Tension in the sling is then
adjusted, as well as positioning of the sling along the urethra,
to ensure the exerted pressure either substantially corre-
sponds to the application pressure, is functionally equivalent
to the application pressure, or is equal to the application
pressure. Once the appropriate tension in the sling is achieved
(e.g., to provide a pressure sensor output that substantially
corresponds to the application pressure), the sensor is
removed. Accordingly, the sensor is appropriately thin so that
it can be slid out from between the sling and the urethra.

Example 2

Clinical Use

The device is optionally used in clinical and/or surgical
procedures. Specifically, the minimum pressure required to
prevent leaks are determined in a male and a female patient
and intraoperative measures are obtained. Alternatively, the
device is used for a non-surgical procedure.

Table 1 provides a summary of use of the device with six
patients suffering urinary stress incontinence (3 male and 3
female). In a clinical setting, the pressure sensor device was
used to quantity the amount of force required to stop leakage
(as reflected in the last column “stop leakage measure™).
Various other relevant parameters are summarized in the
table. With this information, a sling is implanted with a gen-
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erated pressure or force on the urethra measured by a pressure
sensor that is equal to or substantially corresponds to the stop
leakage measure obtained in the clinical setting. This process
of measuring the pressure in the clinic provides a suitable
range of pressures that can be useful in a subsequent surgical-
intervention. For example, the desired pressure range corre-
sponds to a minimum pressure necessary to stop leakage and
a maximum pressure that results in stop flow. Accordingly,
during surgery, the sling supporting the urethra is adjusted to
provide a tension that is greater than or equal to the minimum
pressure (e.g., to stop leakage) but that is less than the maxi-
mum pressure (e.g., so that flow is not completely stopped). A
sling that provides such a pressure on the urethra should lower
complication risk and provide a higher success rate than
procedures that do not measure pressure and match it to the
clinically-determined pressure range.

Example 3

Pressure Sensor Incorporated into a Glove for
Medical Procedures

The pressure sensor device and system is useful for a
number of applications. For example, FIG. 11 illustrates pres-
sure sensor(s) 100 connected to the fingertip of a glove 600.
The sensor(s) 100 can be connected to an inner or to an outer
surface of the glove. In an aspect, a single sensor is connected
to the glove, such as at a glove fingertip corresponding to the
index finger fingertip. Display 400 provides a real-time read-
out 410 of the pressure sensor output, such as a numerical
voltage, numerical pressure, or numerical force by connec-
tion 420, which may be a wireless connection or a wired
connection between the sensor and display. The sensor 100 is
positioned so that it is between the portion of the hand or
finger applying the force and the surface upon which the force
is applied. In this fashion, a medical caregiver can easily and
instantaneously have a quantitative measure of the force the
caregiver is applying to a surface, such as a biological surface,
including a tissue, an organ, or surface of a patient.

All references throughout this application, for example
patent documents including issued or granted patents or
equivalents; patent application publications; and non-patent
literature documents or other source material; are hereby
incorporated by reference herein in their entireties, as though
individually incorporated by reference, to the extent each
reference is at least partially not inconsistent with the disclo-
sure in this application (for example, a reference that is par-
tially inconsistent is incorporated by reference except for the
partially inconsistent portion of the reference).

The terms and expressions which have been employed
herein are used as terms of description and not of limitation,
and there is no intention in the use of such terms and expres-
sions of excluding any equivalents of the features shown and
described or portions thereof, but it is recognized that various
modifications are possible within the scope of the invention
claimed. Thus, it should be understood that although the
present invention has been specifically disclosed by preferred
embodiments, exemplary embodiments and optional fea-
tures, modification and variation of the concepts herein dis-
closed may be resorted to by those skilled in the art, and that
such modifications and variations are considered to be within
the scope of this invention as defined by the appended claims.
The specific embodiments provided herein are examples of
useful embodiments of the present invention and it will be
apparent to one skilled in the art that the present invention
may be carried out using a large number of variations of the
devices, device components, methods steps set forth in the
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present description. As will be obvious to one of skill in the
art, methods and devices useful for the present methods can
include a large number of optional composition and process-
ing elements and steps.

When a group of substituents is disclosed herein, it is
understood that all individual members of that group and all
subgroups, are disclosed separately. When a Markush group
orother grouping is used herein, all individual members of the
group and all combinations and subcombinations possible of

14

does not exclude materials or steps that do not materially
affect the basic and novel characteristics of the claim. In each
instance herein any of the terms “comprising”, “consisting
essentially of” and “consisting of” may be replaced with
either of the other two terms. The invention illustratively
described herein suitably may be practiced in the absence of
any element or elements, limitation or limitations which is not
specifically disclosed herein.

All art-known functional equivalents, of any such materials
and methods are intended to be included in this invention. The

. s . . 10 . .
the group are intended to be individually included in the terms and expressions which have been employed are used as
disclosure. terms of description and not of limitation, and there is no
Every formulation or combination of components intention that in the use of such terms and expressions of
described or exemplified herein can be used to practice the excluding any equivalents of the features shown and
invention. unless otherwise stated described or portions thereof, but it is recognized that various
Whenegver a rance is oiven in the specification. for 15 modifications are possible within the scope of the invention
) & b gl . P @ ’t claimed. Thus, it should be understood that although the
€Xample, a SeNsor NUMPber, Volume or s1ze range, temperature present invention has been specifically disclosed by preferred
range, a length range, a time range, a velocity, a pressure of  empodiments and optional features, modification and varia-
rates thereof, a composition, or a concentration range, all tion of the concepts herein disclosed may be resorted to by
intermediate ranges and subranges, as well as all individual 20 those skilled in the art, and that such modifications and varia-
values included in the ranges given are intended to be tions are considered to be within the scope of this invention as
included in the disclosure. It will be understood that any defined by the appended claims.
TABLE 1
Clinical data summary
Baseline Stop
PAD P det Q max New Device Leakage
Patient Sex Age BMI N. VLPP UPP QMax (free flow) PVR Measure Measure
1 F 55 23 1 65 25 11 19 240 0-3 12-16
2 M 67 31 0 - — 33 7 — 2-5 —
3 F 66 28 4 - — — — 0 0-2 11-38
4 M 74 25 0 — — 120 5 113 0-8 —
5 F 60 30 3 40 20 40 20 0 0-5 15-30
6 M 55 27 2 60 30 50 18 50 0-9 1425

BMI: Body Mass Index

PAD N.: number of diapers used per day
VLPP: Valsalva Leak Point Pressure (measured in cm H,O)

UPP: urethral pressure profile (measured in cm H,0)

Pdet Q Max: Pressure at Maximum Flow rate (measured in cm H>O)

Q Max (free flow): Maximum free flow-rate

PVR: post void residual (amount of urine in bladder after voiding)

Baseline New Device Measure: Baseline measure of the pressure when the sensor is applied on the urethral surface

Stop Leakage Measure: The reading from the pressure sensor under the desired or optimal force applied to the urethra (the range
corresponds to the minimum pressure required to stop leakage and the maximum pressure that stops flow referred herein as the “working

pressure range”).

subranges or individual values in a range or subrange that are
included in the description herein can be excluded from the
claims herein.

All patents and publications mentioned in the specification
are indicative of the levels of skill of those skilled in the art to
which the invention pertains. References cited herein are
incorporated by reference herein in their entirety to indicate
the state of the art as of their publication or filing date and it
is intended that this information can be employed herein, if
needed, to exclude specific embodiments that are in the prior
art. For example, when composition of matter are claimed, it
should be understood that compounds known and available in
the art prior to Applicant’s invention, including compounds
for which an enabling disclosure is provided in the references
cited herein, are not intended to be included in the composi-
tion of matter claims herein.

Asused herein, “comprising” is synonymous with “includ-
ing,” “containing,” or “characterized by,” and is inclusive or
open-ended and does not exclude additional, unrecited ele-
ments or method steps. As used herein, “consisting of”
excludes any element, step, or ingredient not specified in the
claim element. As used herein, “consisting essentially of”
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We claim:
1. A method for treatment of urinary stress incontinence of
a patient, the method comprising the steps of:

introducing a force or a pressure sensor system on a skin
surface of the patient adjacent to the urethra of the
patient at a first time in a non-surgical clinical setting,
wherein the force or pressure sensor system comprises a
force or pressure sensor;

applying an application force or pressure onto the force or
the pressure sensor system and the underlying urethra in
the non-surgical clinical setting, wherein the application
force or pressure is sufficient to temporarily alleviate a
urinary stress incontinence symptom and the force or
pressure sensor is positioned between the application
force or pressure and the urethra;

identifying a clinically-derived an alleviation output from
the force or pressure sensor on the skin surface corre-
sponding to a minimum force or pressure sufficient to
alleviate the urinary stress incontinence symptom in the
non-surgical clinical setting;

inserting a surgical sling to support the urethra in a surgical
setting;
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positioning the force or pressure sensor system to deter-
mine a force or pressure exerted by the surgical sling on
the urethra at a second time in the surgical setting,
wherein the second time in the surgical setting is after
the first time in the non-surgical clinical setting;

exerting a force or pressure on the urethra by generating a
force or pressure on the surgical sling in the surgical
setting, wherein the exerted force or pressure is detected
by the force or pressure sensor; and

matching the exerted force or pressure on the urethra in the
surgical setting to the clinically-derived alleviation out-
put in the non-surgical clinical setting, thereby obtaining
selecting an optimal generated force or pressure by the
surgical sling in the surgical setting,

wherein the optimal generated force or pressure by the
surgical sling in the surgical setting at the second time is
within about 20% of the clinically-derived alleviation
output of the identifying step at the first time, thereby
treating urinary stress incontinence of the patient.

2. The method of claim 1, wherein the force or pressure

sensor system comprises:

a microcontroller operably connected to the force or pres-
sure sensor for processing the output from the force or
pressure sensor; and

a display operably connected to the microcontroller for
displaying the processed output in real-time.

3. The method of claim 2, wherein the force or pressure
sensor has a footprint area that is less than or equal to 1 cm?
or a maximum transverse length that is selected from a range
that is greater than or equal to 5 mm and less than or equal to
1cm.
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4. The method of claim 1, wherein the force or pressure
sensor is positioned between the sling and the urethra, further
comprising the step of removing the force or pressure sensor
by sliding the force or pressure sensor out from between the
sling and the urethra after the sling optimal generated force is
selected.

5. The method of claim 1, wherein the force or pressure
sensor provides real-time output by displaying said output
from the force or pressure sensor to a display.

6. The method of claim 1, wherein the positioning step
comprises temporarily affixing the force or pressure sensor to
the surgical sling or to the urethra.

7. The method of claim 1, wherein the alleviation output
corresponds to a working force or pressure range that is
greater than or equal to a force or pressure sufficient to stop
leakage and is less than a force or pressure that stops flow in
the urethra.

8. The method of claim 1, wherein the force or pressure
sensor is affixed to an object that applies the application force
to the urethra.

9. The method of claim 1, further comprising the step of:

selecting an input parameter that is matched to a sensitivity

range of the force or pressure system to provide sensi-
tivity over a desired application force range;

wherein the application force or pressure is within the

desired application force range and the input parameter
is a driving voltage, a reference resistance, or both, and
the application force range is up to 10 pounds of applied
force.



